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ENGINEERING, MAINTENANCE, AND NEW INITIATIVES TO IMPROVE LAMPF BEAM
AVAILABILITY AND SYSTEM RELIABILITY

Harlan W. Harris, Russell A. DcHaven, Vafge.ne E. Ha.rL,
William M. hSOllS, and ;arnes C. Smrrcck

Los Alamm Nar.icxwdbbomtmy
P, O. BOX 1663, fMP-8, MS-H826

Los Afamos, New Mexico, USA 87545

Abstract

Two different rcquirancms are driving Cnginm-ing Qudies
and hardwme de- ;Iopmcnl m improve LAMPF. ~ fus( is
concerrd witi component and syswm improvmnen~ to
increase bea.rn availability during rhe LAMPF prcxiuction

c@e. Hardware ctmngcs in RF, fmwcr .supplk, and magrtm
arc being implcmenmd 10 inuca.w mean rime bctwccm failure

and reduce time to replace or repair failed uni~. A pint
LAMPF-Industry Pject is cm-going to ii~~ve rcfiabiliry of
RF amnptmcnts, A compmm lest slarul is being rcftiislxd
to include signifrcan[ developrmm mpability The =ond
approach kludes mwra.f cbges that will incrusc tie duty
faclor of Lhc exisling acccleratu, Maw cbngcs SW tcing

eva.luafed for re+king the from cnd of the dcx Chk
changes improving the high &ighrnas cqmbilhy w d result
inanewpd~ pkau fm LA.MPF.

Introduction

The Las Alarnos Clinton P, Anderson Meson Physics
Facility (LAMPF) is a half-mile-long linear particle

welerata. Bans of H+, H“, and @.arkd H. arc available

Beth positive and ugativc km m ~ sirnulun.eous ly,

lAMPF@wxs an800MeVionbm manavcragecumn

of- one milliampere.
Lmprovemerms to increase the beam avdlability tilde

hardwms chMge.s LOIIE 201 MHz RF, rcpkemat of 805
MHz RF Swilch Sdma rha am m lonRcZpfcldllcd, changes to
pow- supply cmuolkm, ad rr.dUigfr d m-hka.l mngnets in

the Pmtcm Stomge Ring to he more radiation rdstam. Otir
changes lhm cannot Im cov~ in ● * page pxpcr include:
inti vacuum system pumping capability in key m,mtans,
rcplacemem of heal exchangers to pcrmil easy cleaning and
avoiding Iw,ar&us chcmica.h b cleaning, upgr-mk waLu flow

uwitchru and wmr-cooled cables, ● system ~h w
MpkUllUll Of hardware, d a ny~t ~h tO tIIC]Ode

snain~ tn rny ml d.1 equiprmm dungti
lrnPvemenu, which will allow ~ in the duty

facta, i.du& additions to the fdlity waler cmling towcm,

system ev-uaticm of kmpmvwf cooling distihution to

accelaramr and experimenter hardware, UK of newly
rccuMgmd RF tea aamls fcw Lube mdng and devclopmanl

poqrarm, system studlaa md bats to optlm~ the dfkiency
0( the 805. hf)+z RF tiy8truns$ mnti (fI,@C4thl 0( v&uum

pumps and other key wplpmant in which pcrformwmt

c@=WorI a failure wmdd ~ M ckrwn-drnc.

Improvements to Increase Reliability

High Power Radio Frequency Systems

The LAMPF ?01 .25 MHz Alvarez drif[ tube LINAC IS
pwae.d by (OUTmtiules, &h mcdule consi.sLsof a cascade

of for.u gridcd tuks. TIIe maximum duty facmr for r.he RF
systems musl IX approxi.ma~ly 14% for ~i Kcelcrator ban
duty frxlor of 12%. lle @ power for Mcdules 2, 3, and 4
is 3 ~ during &x-cferalor tank fill time and drOpS LO 2.6 ~
wbilc the ham is fx-esenl. The LAMPF 805 MHz side-

wupkl LINAC consist of ftiy-four sm.rcturcs each powered

by a Wywron. 71w @ pulsd pwer level is akut 1.2 MW

Compwed to the reliabiii[y of l.he forty-four 805 MH~
mcdu.ks, the four module 201.25 MHz syslem has lwen
rc-spomibk for more than twice the acmlcrator down-time in
ml -a

201 MHz RF

lle 201.25 MHz module used OVCJthe last twenty years
is a four vmuurrr tube chain umsisting of two 765 I tctrcdcs, a

4616 uuode and a 7835 power triode. Figure I showIs tic

proposed :Iunges in lhcse modules. A solid wale 5 kW
amplifier wIII rqke the !us[ two vacuum tubes and seven
-AM wwcs mpfrlics. This simplfl= he RF sysmm and
reducu arnual maintenance

The 4616 modulmm circuit will be replaced widr a

awirching type mock fmww supply. Tentative requircmen~
Ior the pow= supply arc 1? kV, 3 A average currm, and 15
A pk. Pro&hve circuitrj for fasI shuI+fT will be nccq

The 7835 fx?wer ampll~ler is plain modulamd by IWO

4CW250,(lXl tubes in pmmllel. Circuitry will ix rdesigrwf to
~moAe unrnmchcd tubes. The tube type video driver
will IX rcpked with s hybrid circuit consisting of an

incoming fibu @c link, high pm MOSfTT followed by a
3CX25CW3 u!ode.

A rnqjor ~mpfovemcnt will be the tiddi~ion of more

dnsndant inrrmmwmu ticm and M Kfvartcd dala logging system

TIIII equipment will be dw kc,y to poviding failure trend

ardyds, mahtcnamc lima, and rrutetis fm training.
A joint &v-l ~rum btwcrn ~UliC ]dustrics d

LANL Ma modifsed the 7935 rystcm fmwcr trkde 10 Include

two pcmnlng gages lltls lncrdlfkadon makes h fmsible for
M flw the to observe tllamenl turnmn gas burws and m
mcmkor the vacuum during ~e Ilfcdme of I.Iwe mbzs. Wilh

thlI M4hkmal diagnostic, the Iubc conditioning prme.durc ha$
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Fig, I 20] .25 MHz RF Configrntion for Module 2

been changed to avoid operating under poor vacuum
conditions. The ~fining gages act as vacuutn pumps,
shcmening the down-time a.ftcr turning on the filamcn~,
Other joint ●ctivities include anfdysis and disscdion of [mkd
unils, sllerrmle ceramic malerial, snd ceramic seal
developmerm

805 MHz RF

The major changes in he klysmon system are in the

switch tubes. The modk cxiginally UWXI wchlet~ Ln4-4
lubes lhas afc no lager marwfactttrd in cm of seven sectors
Of LAMPF the ~hle~[ tubes have been rcplxcd with Liuon
L-3408 swllch tubes, Converalon tc these lubes require
modifrcaticm of the klysrrcm modulatrm, A acuch for KN.Irccs

LOrcbdld LPT 44 tubes and an evaluation of altcm,mtc tuk,
which would nix mquirc cxtcn’lvc module modiflcuion will Ix
cmnplc.tcd before ccmvenin~ he rwnaining sectors,

The 805 MHz SYBW uses two diffcmnt klyszrons, l%c
Varian VA-862 and the Utton L.512il. As Uwx tubes fail
they am mbuih and trwcd aI the LANL Equiprmnt Test
hbcrat~. Future dmcdon may require mpls.cemc.nl of
window: on some units, This may provide snothcr

_n@ fcr lANL-lrhMIY dcvelopmcm,

Power Supply Con(~oIlers

?lw maJor improvement to the d. c. rnngna power supply

aysta’ns al LAMPF imthe mm &sign and Introduction of a
new power supply controller that contains embedded

microcompulcm, These conrmlkrs are &ing used in 25 ncu

supplies and in rhc magnet mapping arc-a. The conuollcr IS
dmigncd as a wI[-conticd unil hi can be used in any pw’cr
supply.

In me LAMPF standard pwcr supply design, a sleppcr
motor-driven pxcntiomclcr was uwxl to scl outpul currcnl
These potentiometers have limilcd rcsoluLm, (1 pan in 2CK)O),

arc subjcxt to muhanical problems and musi be us.d as open

circuit inpul devices. This results in an ymrcciablc amoun( of
down-time for scrvicc and ma.kcs tuning of rhc bcarn a time
consuming wk. The new comrollcrs have no moving

rncchankat pm m be m in milliwxrmds, o~rale &sclosed
loop conuollms, md SCI tiem~lvcs accu.ra[cly to tie desired

outpul currcnls. In addition tic conwol!ers have diagnostic
routines to assis[ tic tcchnicia?s in rhcir repair back in tic
pwer supply shop,

In the cumcn[ LAMPF smndard pwer supply conlrol
system Lhcrcare 176 imerconnexting wires twlwcxm tic remote

control, the reversing swi[ch and he power supply, The ncw
system does tic same job wilh jusl 14 wires. In addluon, the
pow= supply cm lx dirully wired to the conuol compu~r by

two, twisted pairs of wires via an RS 422 port, The ncw

conuollcrs u= all digi~l logic except in the hcarl of tic
regulation loops. The new onc-bx design Icnds iLsclf to

autommld testing and ccmnputcr-aided r.roubk shooting back al
Lhc shop mlher rha.n manual diagnostics on 10 plus unils In
he field. The cent.rollti wftwarc can be easily changed m

w new conditions as they ariw,
The rault of all of Lhis is that (he new conlrolkr is more

rcliabk, c.asicr to maim.sin, and lends iwl( to Ix easily adapm.d
to changing rquircmenls,

Magnets

M.agncts widsin the !.AMPF and PSR nrc continually
being evalustcd to estinu.c when they may d to be rcplaccd

Spnmn are provided [or many critical magncls so a sudden
failure would not result in I Ienglhy machine dow-time
tdagne~ which have providd only a limited life in a harsh
en dronmcm am being redesigned. Ilc PSR scp[um rnagnct,

show-n In Figure 2, is usul m an emrnplc,
A mpmm magnet is u- to fwther xprau two adjaccn[

hrns- they have &n Sp]iL ~ is IYpicdiy very Ii[[lc

space between the barn paths for h~m pipes, coils,
insulabon, and iron, Consequently tlw current dc,nsily in d-rc
coil ~um is vc~ high,

]~uatc ~lirig or crranl krns CM cmr~ overhtiting
and dmnlgc 10 the hUUhtiOn MsUhhrg in ground currcnLs, The

ground currcnu then contribute to *C healing and possibly
OVWIlhnM!ge Lk Vmuum Cdlvalcqle,

~FQxy baw Insuladon Is subject LOIxcakdown In high

mdlmlon shields, High temperah.rrc inorganic (rad hard)
insulators also htve limitations, The standard mincrfll

insulatd conductors have a rather low pklng fwtor and arc
M suitable fm k mptum coil. Vllr-kJl coa!ings arc fragile

and arc sprayed a.lumlna Is msccp.ibk to water damage, All of
lhC6Cinsulators have b used In varioun magnet mpplicntir)ns
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~ig, 2 Spare PSN Scplurn Magncl

al I. AAWI’,
All tihn~qurs lISICd akulvc am-i any nc~ p~)~ilt>lll[llj~

should hc rcv Icucd l[~r spc~.iflc SCpIUIII appl IctiII(ms III III(S
fu[urc to cnharm mtignc[ rrlmhill[y.

lmprovemerrls In Increkrse Duty Fuctor

Addlmmal c(x)ling tl)wcr ccll~ urc rmcdcd I(I rrwct IhL.
eapandln~ cxpcnmcmal ncds, With inrrc~scd duly (tic[{w,
addmonid clmling WIII hc nccdcd for tic accclrrahw and R}:

syswns us well. By pmvulmg u vcrsirlllc cm]llng wull”r
dlstrihuuon sysk’m and In[cr(nnncc[s, thu sysIcm cnn hc
Op[lmild h) mrr[ ever Chiltlgirlg needs,

Klystron Kfflcl?nry

efficiency ldystrorm.

Future Direction nnd oppnrtunitirs

Marrydiffermli opcmting modes are Iming cwnsd~’rl’,1 III,.
changes nccdcd in LAMPF m mtxl various csptmn~art’ \iI\Il}
different in apprnach, cmnplcxIIy, and cm,

The prcscn[ !vlcdlum Energy Physics program IS dlrcc[c,!

I(Iwards mcchng the needs of users and prnvldlnp l~)r OIL’
maximum numhcr 01 slmulmncous expcrimcnl~ 1“1)1.

pro~m IS sufq-xmcd IWSI by imprrwmg Ihc rclmhllll! 01 [11,’

accclmmr tu present operaung conditions and the ad(lltl(m (II
new karn lines prr-rvidmg new capahillllcf

An upgradd prmon slomgc nng pr{~grarn may wcl I ni’~’,1

opcrulmg of LAhfTV: for cl~hl or n:orr m[mths ca~h yc;~r ill

hifih availalwll[y. High pwcr mulli-MW bl appllti~ll~m,
would rquwc a ncw frnnl cm!, C)TICpNs ItIIIIiy IS iI VI)III IIIU
ion SOLIKC,radii} frc.qucrwy quadruple, Iongmdlnid ch~)p~wl,

;md 402,5 Mti/ drift Iuhc IIIIA,

Acknnwledgtmenl%

S; ICCIUI[h:mks R(WSm R[~gcr W. Jt)hnwm and Jcrr\ I I)JI I.

for rhclr work In the low Ic\cl RI: and ihcir m~lwln.c wilt) III,

.spixlfiralmns and vendor wlccuon for IIW [ AAfI’1 5.$ k\\” RI
Ampllflcr, DiIIrIy IXMSdcwrvcs sqwxwl apprccw[l(m ftlr Ill.
rwcru work in the crt}whw chassis and inr disc.u~.l{m~ w ilh
gnrhlcd Iulw mwi LI ) .xron manufw Wrch am-l in [hc pl!p;lr.11IIIII
of M pm(i(m fmpcr on lmpnwcmcrrl and ~pgradc (II dw 2( I I
Mtl/ RF’ source UI l. AMl’1~, Rohcr[ Cmiy dcscrvc~ spriI,Il
acknnwlcdgcrrwni [or ycar~ 1~[rrhulldlng I. AhlI)l~ hlyslr~~tl~
and pfcpnng diirahirscs on Iutw hls[[)r}, “I?rank\ K(WS III
Rwhtird (’lIfl Itw his (allure analy~l~ imd K(nwdltlu[l(m {II

dcvcloprncnl WI I\ IIICS wIrJI Ilurlc lndu~mcs. hlaicri;il~ SCIIIII,C
and l’uhnldo~y Dlvlworr :11I. ANI,. ml h.’ McdIum I m.r}:i
Physics Dlvlsifm a[ I.ANI Vlncmrt l.t)[)cwr(~ wl[h I{kl h,I~

hccfi cxlrcmrly hclplul m his Rf: working .SCSWOIIVISII,S 1~1
LA MI’I; IA fm dI,Kussnm of up$rmlc~ nf c[wnnl~m Inlcrl’il I,!
RNI. and LAN1,. l-d Iludl IS ~lvcn ~pcLI;Il pr;nsc ftlr hlx yc,lr~

of magrwl dcsIh~I wrd li~hrltitllorlill 1.Ahll’l:, rwrnl ~~illll.lllttll
d mirkmcl Uf’)grit(l(’ needs, und III prcp;lrlllg the nl:l~:~r[ plrtlo:l
of III I!. pirlw’r,


